
ApplicabilitywofwParallelwComputingwto
PartialwWavewAnalysisw(PWA)
J.wRugerw-wChristopherwNewportwUniversity
G.P.wGilfoylew-wUniversitywofwRichmond
D.P.wWeygandw-wJeffersonwLab

wwwwwwwwwwwwwwwwwwwwwwwwwwwwIntroduction
JeffersongLaboratorygzJLR9HgisgagUSgnationalglaboratorygbuiltgtogprobegthegatomicg
nucleusgandgtogunravelgthegquarkVgluongnaturegofgmatterTgOurgbestgtheorygofgtheg
strongginteractiongthatgbindsgnucleigtogethergisgQuantumgjhromodynamicsgzQj+H
whichgisgnotgwellgunderstoodgingthegnucleargenvironmentTgWegaregdevelopinggnewg
technologiesgtoganalyzegtheglargegdatagsetsgthatgwillgbegproducedgbygonegofgtheglarge
detectorsgundergconstructiongingHallg9gasgpartgofggtheg0FGeVgUpgradeT

ggggggggggggggggggggggggggggjLRS0F
ThegprimaryggoalgofgexperimentsgusinggtheggjLRS0Fgdetectorgatgenergiesgupg
tog0FgGeVgisgthegstudygofgtheginternalgnucleongdynamicsTgTowardsgthisgendGg
thegdetectorghasgbeengtunedgforgstudiesgofgreactionsgingagwidegkinematicg
rangegsuchgasginclusivegprocessesTgTheglargegacceptancegofgjLRS0Fgleadsg
toghighgdatagratesgsincegmostgofgthegdebrisgfromgthegcollisiongofgthegelectron
beamgwithgthegtargetgisgdetectedTgThegcomputationalgrequirementsgtog
acquireGgreconstructGganalyzeGgandgsimulategthesegdatagareghighTgWegexpectg
togcollectgaboutg0,G,,,geventsgpergsecondgwheregeachgeventgcontainsg0,g
k9ytesgofgdataTgForgtypicalgrunningGgthisgrategmeansgwegwillggathergaboutg
MG,,,gG9ytesgpergdaygandghavegtogstoregaboutgonegmilliongG9ytesgeachg
yearTgItgisgtheggoalgofgourggroupgtoghavegthegsoftwaregingplacegongthegdaygofg
firstgbeamsgingjLRS0FgtogcalibrateGgreconstructGgandganalyzegthesegnewgdatag
andgtogkeepgpacegwithgtheghighgratesT

ggggggggggggggggggggggggMotivation
gggTogunderstandgthegstrongginteractionGgorgQuantumgjhromodynamicsgzQj+H
itgisgnecessarygtogunderstandgthegspectrumgofgboundgstatesgofgtheginteractionG
thatgisgmesonsgandgbaryonsTgOnegofgthegbestgtoolsgforgtheganalysisgofgthese
reactionsgisgPartialgWavegRnalysisgzPWRHTgUsinggPWRgwegcangextractgtheg
propertiesgofgindividualgparticlesgfromgoverlappinggmassgspectragasgseenging
FigTg5gandgFigTgITgWeGgwhenganalyzinggjLRS0FgdataGgwillghavegtoganalyzeg
millionsgofgeventsgthatgmaygrequiregthesegcomputationallygintensiveg
calculationsT
ggg
gggPWRgrequiresgfittinggangulargmomentumgstatesgtoglargegsetsgofgdataTgRtg
3,,gmsgpergeventgpergwavegitgwillgtakegroughlygninegmonthsgtogdogoneg
fitgongthegdatagscalegthatgjLRS0FgacquiresTgThisgtimingganalysisgtakesgintog
accountgthegnumbergofgwavesGgnumbergofgeventsgandglikelihoodgcalculationsT
gggg
gggThegmotivationgforgpursuinggresearchgwithgXeongPhiWsgandgitsgusegingPartialg
WavegRnalysisgisgtogminimizegthegoverallgtimegrequiredgtogperformgcalculationsT
9ygexploitinggthegvectorgandgmultiVthreadinggcapabilitiesgofgthegMIjgprocessorg
availablegfromgIntelGgtheglikelihoodgfunctiongzFigTgIHgisgmultiVthreadedgtog
enhancegperformancegofgPWRgcalculationsTgg

ggggggggggggggIntelgXeongPhi
1gJeffersongLabghasgag0PVnodegIntelgXeongPhigzMIjHgcluster
1gEachgnodegcontainsgIgIntelgXeongPhigM00,PgjoVprocessors
1gIntelgXeongPhigM00,P
gggggg1gP,gcoresgforgagtotalgofgFI,gthreadsgatg0T,M5gGHz
gggggg1gSupportsg0Pgsinglegprecisiongorg4gdoublegprecisiongcalcT
1gJeffersongLabgoffersguniquegcapabilitygofgrunningg
ggapplicationsgeithergingnativegmodegongthegjPUgorg
ggthroughgoffloadingggfromgtheghostT
1gjreatinggmultiVthreadedgsoftwaregpackagesgisgeasy
gggwithgthegPhiWsgusinggOPENVMPgandgOPENVMPITg
1gjodegcreatedgforgthegXeongPhigcangbegrangongsingle
ggthreadedgplatformsgorgGPUgincreasinggvalueT
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ggggggggjomputationgResults
Rgrepresentationgofgthegprocessinggpowerggainedgfromgtheginclusion
ofgagXeongPhigisgagcomparisongofgthegrungtimegforgPWRglogVlikelihood
calculationgversusgthegnumbergofgcalculationsgdeployedgongthegXeong
PhigandgHostgmachineTgFiguregMgshowsgthatgusinggthegXeongPhig
decreasedgthegprocessinggtimegbygagfactorgofg0PTgThisgwillgreducegthe
timegneedgtogdogtheg7gmonthgPWRgfitgtalkedgaboutgingmotivationgto
gaboutgtwogweeksT
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TogshowgthegabilitygofgthegXeongPhigtogmultiVthreadglogVlikelihoodg
calculationsGgFiguregPgrepresentsgthegparallelgscalinggovergavailableg
threadsTgThegdatagshowedgthatgmaximumgefficiencygwasgfoundgusing
halfgthegavailablegthreadsTgThisgwillglimitgthegamountgofgtimegspentgin
threadgmanagementghavingg0F,gthreadsgalwaysgavailableT

ThegresultsgshowgpromisegingusinggthegIntelgXeongPhigfor
computationallygintensivegcalculationsTgThegabilitygtogdecreaseg
rungtimegbygagfactorgofg0Pgallowsgdatagprocessinggtoghappengquickerg
andgminimizesgthegamountgofgtimegspentgpergfitT
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gggOurggoalgisgtogfindgagmathematicalgparametrizationgthatgexplainsgthegexperimentalgobservationg
thatgisgdifferentialgcrossgsectionsgzFigTg0HTgRgmajorgportiongofgthisgparametrizationgisgtheg
calculationgofgthegLikelihoodgfunctiongzLHGgwhichgisgdefinedgasgagproductgofgprobabilitiesTgLgis
calculatedgusinggthegquotientgofgthegIntensityg+istributiongzIzτHHgandgnormalizationgintegralTgIngLG
thegtermgoutsidegthegproductgingFigTgFgisgthegPoissongprobabilitygofgobservinggngeventsgandg
reflectsgthegfactgthatgwegusegthegextendedgmaximumglikelihoodgmethodTgThegintegralgingtheg
denominatorgofgthegsummedgtermgcontainsgthegacceptancegηzτgHgandgisgthegacceptedg
normalizationgintegralT
ggggRngindependentgcalculationGgIzτHGgisgagsumgofgamplitudesGgsquaredgtogaccountgforginterferenceg
withgthegvariablegτgrepresentinggthegsetgofgvariablesgnecessarygtogdefinegagconfigurationgofgthe
finalgstateTgWithingIzτHGgthegvariablesgVgandgRGgrepresentgthegproductiongandgdecaygamplitudesg
respectivelyTgThegsubscriptsgkgandgβgforgVgandgRGgaregthegparametersgthatgdescribegthegpartialg
wavegdecompositiongwegaregusingGgαgspecifyinggpropertiesgofgthegdifferentgintermediategstatesg
thatgdognotginterfereGgsuchgasgthegspingstatesgofgthegincominggorgoutgoinggparticlesgingtheg
detectorTgThegsubscriptgβGgongthegotherghandGgrepresentsgthegpropertiesgwhosegdifferinggvaluesg
doginterfereGgforginstancegthegspingstatesgofgbroadgresonancesgproducedgasgintermediategstates
ingagsequentialgdecayT
gggUsinggthegcalculationsgfromgaboveGgPWRgisgablegtogextractgthegpropertiesgofgthegindividualg
particlesgasgseengbelowTgFigureg5Ggrepresentsgthegrawgmassgspectrumgofgπ2gπ2gπVgfromg
electrongscatteringgongthegprotonTgWhileGgFiguregIgrepresentsgthegextractedgpropertiesgfromgtheg
rawgmassgspectrumTgRsgseengbelowGgusinggPWRgallowsgusgtogfindgthegπFz0P3,Hgparticlegthatg
wasghiddengbehindgthegaFz05F,HgingunprocessedgdataTg
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